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ABSTRACT

This poster reports on the generation of new
types of mathematical ’calcrostic’ puzzles. In
these puzzles the task is to determine for each let-
ter the corresponding digit that the letter repre-
sents such that a number of conditions arranged
in the form of a crossword problem are satisfied.
Earlier versions of these puzzles were used in
Caribou Mathematics Contests with large Cana-
dian and international participation.

Through our work we are able to generate larger
calcrostics, now of size 5x5 and 7x7 instead of
3x3; more complicated ones, now involving ra-
tional numbers rather than integers, and puzzles
that require many more conditions to be satistied
through extra diagonal relations.

Apart from many new procedures that had to be
written for handling these new types of puzzles,
the key problem was that much larger systems of
under-determined polynomial equations needed
to be solved with computer algebra. We devel-
oped a method of computing special solutions of
highly under-determined and highly non-linear,
polynomial equations. The new technique was

implemented and merged into the computer al-
gebra package CRACK.

GENERATION OF PUZZLES

To create, for example, such a 7 x 7 puzzle, one

1. fills the (7+6) x (7+6) matrix with randomly selected operators +, —, x, +, and with 7x 7 variables
u;, ¢ = 1...49 (not sequences of letters representing digits like in the introduction above),

2. formulates the under-determined system of 7

variables u;,

3. computes rational solutions for this system with possibly several free parameters,

4. repeats the following steps:

e replaces free parameters by random integer numbers, so that divisors and denominators do

not become zero,

e encodes digits by letters,

o determines all solutions of the resulting puzzle

until the created puzzle has only one solution.
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EXAMPLE

An example of a generated problem:

INTRODUCTION

The word Calcrostic is coined from showing CALculations in form of aCROSTIC word puzzles. An exam-
ple of such a problem with the corresponding solution is shown below:

Each letter represents a digit (one £l B

EFDKH = KF = AA | 1320 — 924 = 55 of 0,1,...,9). Equal letters represent h -
_ g n n _ 4 n n equal digits, different letters repre- ) Z
EDB x ] = EHCG | 137 x 8 = 109 sent different digits. For example, T "
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EEJ]D — DK = EEAE | 1183 — 32 = 1151 with four different digits. The chal- a

lenge is to find the value of each
letter such that all the 3 horizontal
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and 3 vertical equations are satisfied.

In the above example, EDKH and KF represent the numbers 1320 and 24 respectively. We can see that E
stands for 1, D for 3, K for 2, H for 0, and so on. In our recent work we extended earlier versions of the
program generating integer 3 x 3 puzzles like the one above to now generate also 5 x 5 and 7 x 7 with
integer and rational numbers, see the 7 x 7 on the right.

4+ A+

Although 7 x 7 puzzles are harder to solve (for a solution, see Interactive Caribou Puzzle Solving by
Hill, M., on https://test.cariboutests.com/test game/calcrostic.php), the reward when finding the value of the
last letter is higher (36 conditions become satistied: 7 horizontal, 7 vertical, all 11 diagonals running
from the top left to the bottom right and all 11 diagonals running from the top right to the bottom left
evaluate to zero).
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The computational challenge of this problem is to find rational solutions of the underdetermined system
of 36 equations for 49 unknowns, u; as in the algorithmic work section.

ALGORITHMIC WORK

e Developed three partial splitting methods,
one of which is to split an unsolved equation

d;
0=P(uj) =Y Ain(u)uf into
n=0

0=2A4,, for n=2,...,d; and
0= Ao+ Airu,

e found heuristics to pick an optimal equation
P(u;) and variable u; for the splitting, and

e incorporated a corresponding module into
CRACK to create a solver for underdeter-
mined highly non-linear polynomial equa-
tions and systems.

7+ 11

11 = 36 polynomial equations for the 49
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